The plant endophytic fungus Serendipita indica colonizes roots of a wide range of plant 2 species and can enhance growth and stress resistance of these plants. Due to its ease of axenic 3 cultivation and its broad host plant range including the model plant Arabidopsis thaliana and 4 numerous crop plants, it is widely used as a model fungus to study beneficial fungus-root 5 interactions. In addition, it was suggested to be utilized for commercial applications, e.g. to 6 enhance yield in barley and other species. To produce inoculum, S. indica is mostly cultivated 7 in a complex Hill-Käfer medium (CM medium), however, growth in this medium is slow, and 8 yield of chlamydospores, which are often used for plant root inoculation, is relatively low. We 9 tested and optimized a simple vegetable juice-based medium for an enhanced yield of fungal 1 0
liquid culture (Fig. 1a ). We also tested a different commercial brand of vegetable juice, which 8 0 gave comparable results to V8 juice with respect to fungal biomass production (data not 8 1 shown).
2
Growth of S. indica on agar medium for chlamydospore production 8 3 To produce S. indica chlamydospores for plant root inoculation, S. indica is commonly 8 4 cultivated on agar plates using CM medium. We compared growth of S. indica on CM agar 8 5 with VJ medium. VJ agar plates were completely covered by fungal mycelium 8-10 days post 8 6 inoculation, while growth on CM medium was significantly slower ( Fig. 2a ), requiring about 8 7 three weeks to completely cover the plate with mycelium. Cultivation under continuous light 8 8 or in darkness had only minor effects on fungal growth, both with VJ and CM medium 8 9
( Supplementary Fig. 1 ). Addition of sucrose to the VJ medium did not increase, but rather 9 0 decrease colony diameter (Fig. 1b ). However, sucrose in the VJ medium was required for a 1 0 1 inositol or with 1% glucose was tested. However, the presence of Myo-inositol reduced 1 0 2 colony diameter. Moreover, 1% Myo-inositol attenuated aerial mycelia in contrast to the 1 0 3 control, which was rich in superficial and aerial mycelia ( Supplementary Fig. 2 ). We tested growth of the important wheat pathogen F.graminearum on VJ agar medium and 1 0 7 recorded the production of macroconidia. A 10-fold increase of macroconidia production was 1 0 8 noticed when F.graminearum was grown on VJ compared to mung-bean medium (Fig 3) . A 1 0 9 test with Verticillium longisporum revealed that VJ medium was also suitable for production 1 1 0 of V. longisporum conidia, with one agar plate yielding more than 600 million spores on To be able to identify possible differences in the ultrastructure of S. indica hyphae grown in 1 1 4 CM and VJ medium, we prepared hyphae from S. indica liquid cultures grown for 11 days for 1 1 5 electron microscopy. Hyphae from both media appeared very similar with respect to size and 1 1 6 ultrastructural features. Samples from both media showed similar densities of nuclei, and of We optimised a medium for S. indica using commercially available vegetable juice as the 1 3 5 main ingredient. Media based on the commercially available vegetable juice V8 have been 1 3 6
shown to be useful for growth and sporangia induction of the plant pathogenic fungus Phytophthora [20], and are frequently used for conidia production in different ascomycetes In a series of experiments, we determined that a medium composition of 15% (v/v) V8 1 4 1 vegetable juice and 0.1-0.4% (w/v) CaCO 3 are optimal, and superior to traditionally used 1 4 2 complex medium (CM) with respect to the speed of hyphal growth and fungal biomass 1 4 3 1 5 0 fresh weight per 100 mL in CM medium, similar to our results shown in Fig. 1a . A report on 1 5 1 enhancing S. indica biomass yield, using a modified Kaefer medium in a 14-L bioreactor, 1 5 2 achieved production rates of 0.18g L -1 h -1 [14] . This is about four times less than our results, 1 5 3 using 300 ml Erlenmeyer flasks with 100 ml culture volume, yielding 21 g after 10 d of In other experiments, e.g. when a defined amount of sterile fungal inoculum is required, S. 1 5 6 indica chlamydospore preparations have been used [8, 27, 28] . For this purpose, 1 5 7 chlamydospores can be easily retrieved by washing agar plates with water. A high 1 5 8 chlamydospore yield was obtained with agar plates using VJ medium supplemented with 4% 1 5 9
Sucrose (VJS medium) ( Fig. 2) . Even higher chlamydospore yields may be obtained by using 1 6 0 liquid culture in a bioreactor and subsequent removal of hyphae, as shown by [14] , with yields 1 6 1 up to 9.25*10 7 spores per mL. Nevertheless, as fungal cultures on agar plates do not require 1 6 2 specific equipment and hardly any hands-on time, it will probably remain the method of 1 6 3 choice, at least for chlamydospore amounts required for research purposes. We confirmed that S. indica inoculum produced with VJ medium has similar ultrastructural 1 6 5 features as CM medium-grown fungus (Fig. 4 ). Roots were well colonised by the fungus after 1 6 6 inoculation with VJS-grown fungus ( Supplementary Fig. 3a ), and S. indica-induced growth 1 6 7 promotion was observed for Arabidopsis plants ( Supplementary Fig. 3b ), in line with previous 1 6 8 reports on the properties of the fungal endophyte when propagated on CM medium [23, 29] .
We therefore suggest VJS medium for efficient chlamydospore production. In addition, VJ 1 7 0 medium is also highly suitable for inoculum production of Fusarium graminearum and 1 7 1 Verticillium longisporum: Macroconidia production of F. graminearum was about 10 times 1 7 2 higher than with traditionally used mung bean agar ( Fig. 3 ). Some studies explained high growth rates on V8-based media with the presence of an inducing factor in V8 juice. However, this inducing factor was later found to be rather a We speculate that beneficial properties of VJ medium for a high growth rate of S. indica are 1 7 7 due to its complex nutrient composition and possibly the presence of secondary plant 1 7 8 metabolites present in vegetable juice. The optimized VJ medium described here was superior to complex media commonly used for Due to its ease of preparation and faster and more efficient inoculum production as compared 1 8 4
with Kaefer-Hill medium, we expect this medium to become the medium of choice for S. indica. We further show that other fungal inocula used in plant pathology can also be 1 8 6 produced efficiently using VJ medium. Besides its usefulness for research purposes due to the 1 8 7 accessibility and relatively low price of its components, and the ease of preparation, it may 1 8 8 also serve as a basis for the development of large-scale inoculum production for commercial we used 20 mM of CaCo3 and added 40 g/L sucrose to the VJ medium. were used. The flasks were inoculated with 2 plugs (5 mm diameter) from agar plates 2 0 8 containing S. indica and kept at 20 °C on a rotary shaker (70 rpm) for 10 days and harvested 2 0 9 by filtration through miracloth. For production of S. indica chlamydospores on solid medium, 2 1 0 VJS medium was supplemented with 1.2% (w/v) Phyto agar (Duchefa-biochemie.com). CM 2 1 1 medium was based on the Aspergillus medium [32], as described in [15] without casamino 2 1 2 acids and without agar for liquid medium, while 1.2% Phyto agar was used for solid medium 2 1 3 in petri dishes. Mung bean agar was prepared as described in [33] with 1.2% Phyto agar. Arabidopsis seedlings were grown on ½ MS medium (Murashige and Skoog medium basal 1 % Phyto agar. To test the impact of myo-inositol, one liter of medium was prepared with 2 1 7 1 1 distilled water, tryptone (10 g), yeast extract (5 g) and micro elements (1 ml micro-element 2 1 8 solution of the Aspergillus medium as described in [15] ), supplemented with 10 g D-glucose 2 1 9 or 10 g myo-inositol. Spores and hyphae of S. indica grown in liquid medium for 11 days were centrifuged and the 2 2 2 supernatant was removed. The resulting fungal material was fixated with 2.5% glutaraldehyde Germany). For microscopic investigation of fungal root colonization, barley roots were stained with 2 3 0
Wheat Germ Agglutinin-Alexafluor 488 (WGA488; Molecular Probes; Invitrogen, 2 3 1 www.invitrogen.com) as described in Deshmukh et al. (2006) . Images were recorded on a 2 3 2 confocal laser scanning microscope (Leica TCS SP5) using the bright field channel and a GFP 2 3 3 filter set for detection WGA488. The authors declare that they have no competing interests. We thank Paula Puente for preparing S. indica-colonised barley plants. Fusarium strain F. University. a) The fungus was grown in 100 mL of medium in 300 mL Erlenmeyer flasks for 10 days at room temperature (20 ±3°C) on a shaker (70 rpm). Mycelium was retrieved using Miracloth and fresh weight was determined subsequently. Media used: Complex medium 'CM'; Vegetable juice 'VJ' medium: 150 ml V8 juice, 850 ml distilled water and 5 mM CaCo3; '7% VJ' medium': VJ medium with 70 ml instead of 150 ml V8 juice; 'VJ+ D-glucose': VJ medium supplemented with 10 g/L D-glucose; 'VJ-Ca' medium: VJ medium without CaCo3. Values are means of three cultures, with error bars indicating standard deviation. Experiments were independently reproduced at least three times with similar results. b) Diameter of fungal colonies on agar plates prepared with VJ medium or VJS medium. VJS medium is VJ medium supplemented with 40 g/L sucrose and with CaCo3 to a final concentration of 20 mM. Values are means of three cultures, with error bars indicating standard deviation. Experiments were independently reproduced at least three times with similar results. a b CM VJS Figure 2: S. indica chlamydospore production on agar medium a) Image of fungal growth on CM agar and VJS agar 8 days after inoculation with an agar plug. Standard petri dishes with a diameter of 9 cm were used and kept at room temperature (20 ±3°C) in the dark. b) Amount of chlamydospores harvested from agar plates. Chlamydospores were obtained by washing the surface of the plates with 15 mL of distilled water using a spatule, and subsequent filtering through Miracloth to remove hyphae and debris. After appropriate dilution, chlamydospores were counted using a microscope and a Fuchs-Rosenthal counting chamber. Values are means from three plates, with error bars indicating standard error. Experiments were independently reproduced at least three times with similar results. 
